Abstract: Background. Swallowing physiology, diet, and patient-reported outcomes were evaluated after induction chemotherapy for oral tongue cancer.
Traditionally, oral tongue cancer has been treated with surgical resection followed by postoperative radiation therapy, often with severe functional consequences. Although data clearly demonstrate the deleterious effects of combined regimens on speech and swallowing function, the proportional contribution from each type of treatment is unknown. It has been postulated that induction chemotherapy might obviate postoperative radiation therapy in patients with oral tongue cancer, thereby improving preservation of speech and swallowing function.
regimens of radiation therapy does not result in further deterioration in speech and swallowing function caused by radiation treatment. 4, 5 However, the limitation of these studies is that function was evaluated after the completion of all treatments; none provided information about speech and swallowing function after induction chemotherapy alone-that is, before any further cancer treatment.
A recently published retrospective review showed that the addition of induction chemotherapy to surgical resection for squamous cell cancer of the oral tongue in young patients provided similar disease control and survival to patients treated with traditional modalities of surgery followed by postoperative radiotherapy. In addition, induction chemotherapy may have reduced the need for postoperative radiotherapy that has been associated with additional speech and swallowing dysfunction. 3 These findings provided the foundation for a phase II clinical trial of induction chemotherapy followed by surgical resection for oral cavity cancer. As part of this prospective trial, we analyzed speech and swallowing in a subgroup of patients before and after induction chemotherapy to determine the independent effects of chemotherapy on functional outcomes.
PATIENTS AND METHODS
Twenty-three young patients ( 49 years old) with squamous cell carcinoma of the oral tongue and floor of the mouth were enrolled in a phase II clinical trial of induction chemotherapy followed by surgical resection with or without postoperative radiotherapy. The treatment schema is provided in Figure 1 . Functional analysis of speech and swallowing was conducted at baseline; after induction chemotherapy but before surgery; and 6, 12, and 24 months after the completion of all treatment. In this study, we included only patients (N ¼ 15) who completed swallowing evaluations at baseline and after induction chemotherapy. The clinical trial including functional analysis was approved by the Institutional Review Board of The University of Texas M. D. Anderson Cancer Center. Informed consent was obtained from all participants.
Pain scores were collected from medical records at baseline and after induction chemotherapy. Pain was rated on a scale of 0 to 10, with 0 indicating no pain and 10 indicating the most severe pain.
Modified barium swallow (MBS) studies were conducted using a standard technique described elsewhere. 6 Oropharyngeal swallowing efficiency (OPSE) is defined as the percentage of the bolus swallowed [100 À (% residue þ % aspirated)] divided by the bolus transit time, from the oral cavity through the cricopharyngeus. OPSE has been used to quantify the safety and efficiency of bolus transit through the oral cavity and pharynx into the esophagus 7 and was calculated for each patient's swallows of 3 bolus types: 10 mL thin liquid, 1 tsp. pudding, and 1/4 cracker with barium paste, and averaged to provide an overall global swallowing efficiency score for each patient at baseline and after induction chemotherapy. The MBSs were analyzed by 5 trained clinicians blinded to subject and condition (pre or postchemotherapy). All clinicians met standard target levels of reliability for temporal analysis, published by Logemann. This instrument has been validated at our institution in patients with head and neck cancers. 9 In addition, diet levels were recorded using the PSS-HN normalcy of diet subscale, in which 0 indicates nonoral nutrition and 100 represents full oral nutrition without restrictions. Speech intelligibility was measured using the PSS-HN understandability of speech subscale. 10 The descriptions of PSS-HN scores for those 2 subscales are listed in Table 1 . The assessment of intelligibility of dysarthric speech sentence level 11 was also used to measure the percent of speech intelligibility in many patients. The method for audio recording and transcription was performed similar to that described by Yorkston and Beukelman. 11, 12 Speech samples were recorded on a high-speed digital audiorecorder (TASCAM DA-30 Digital Audio Tape recorder; Tokyo, Japan) in a quiet environment using a hand-held microphone (Shure SM-48; Niles, IL) placed 8 inches in front of the speaker's mouth. Each recording was transcribed by an unfamiliar listener comprised of speech pathology graduate trainees listening to the digitally recorded audio samples using head phones (Sennheiser HD 457; Wedemark, Wennebostel, Germany). Judges were instructed to listen to the entire sentence; judges were allowed to listen as many times as needed. The number of words understood was divided by the total number of words to obtain the percentage of speech intelligibility.
Comparisons between baseline and postinduction chemotherapy speech and swallowing measures were assessed using the 2-tailed t test for dependent samples. t tests and calculations of descriptive statistics were performed using the STATISTICA data analysis software system, version 8.0 (StatSoft, Inc.; www.statsoft.com; Tulsa, OK). A p value of less than .05 was considered to be significant.
RESULTS
Population and Treatment. Twenty-three patients underwent induction chemotherapy followed by surgical resection with or without postoperative radiation therapy for cancer of the oral tongue or floor of the mouth. An MBS study was performed at baseline for 22 of the 23 patients. Fifteen of these 22 patients underwent another MBS study after the completion of induction chemotherapy but before surgical resection and were included in our analysis. Mean age was 37 years (range, 22-47 years). All 15 patients had oral tongue cancer, 1 of these had extension to the floor of mouth, and another had extension to the floor of mouth and base of tongue.
Preinduction and postinduction chemotherapy pain scores were available for 12 patients. After chemotherapy, pain scores improved for 8 patients and worsened for 2 patients. Two patients did not report pain at baseline or after chemotherapy. The median pain score was 5.5 (range, 0-10) at baseline and 0 (range, 0-6) after induction chemotherapy. Table 2 summarizes patient, tumor, and treatment characteristics.
Oropharyngeal Swallow Efficiency. Figure 2 shows the mean OPSE scores at baseline and after induction chemotherapy for each bolus type, liquid, pudding, and cracker. The overall average Quality of Life and Diet Level. MDADI scores and diet levels were significantly higher after induction chemotherapy than at baseline (Figure 3) . The mean composite scores from the MDADI (emotional, physical, and functional subscales) increased significantly, from 74.0 to 87.3, after induction chemotherapy (p < .001). The individual mean scores for the global, emotional, and physical subscale scores also significantly improved after induction chemotherapy (p < .001). Although the mean score for the functional subscale improved, the difference was not statistically significant (p ¼ .142). Diet scores increased from soft-chewable consistencies at baseline (PSS-HN score, 50) to full diet/all consistencies (PSS-HN score, 100) after induction Speech Intelligibility. Figure 4 shows the comparison of speech intelligibility ratings at baseline and after induction chemotherapy. Speech intelligibility data from the PSS-HN were available for 14 of the 15 patients. Eleven of the 14 patients at baseline and 13 of the 14 patients after induction chemotherapy received a score of 100 (''always understandable'') on the understandability of speech subscale. Only 10 of the total 15 patients underwent speech intelligibility testing using the assessment of intelligibility of dysarthric speech. Average intelligibility was 98.6% at baseline and 92.2% after induction chemotherapy (p ¼ .328). Overall, speech intelligibility for all patients except 1 was at least 99% before and after induction chemotherapy. Excluding a single patient who showed a decrease of 62% in intelligibility between baseline and postinduction chemotherapy (95% to 33%), no clinically meaningful difference was found in speech intelligibility before and after chemotherapy.
DISCUSSION
To our knowledge, our findings are the first to report the independent effects of induction chemotherapy on speech and swallowing outcomes in patients with tumors of the oral tongue. Although other investigators have reported on functional outcomes in patients with head and neck cancer treated with chemotherapy, outcomes have generally been reported after the completion all treatment modalities including chemotherapy, surgery, and radiation therapy. 4, 5, 13, 14 Our findings suggest that chemotherapy, independent of other modalities, does not negatively affect speech and swallowing. However, we acknowledge that these are preliminary findings based on a small cohort of patients and that these findings need confirmation in a larger, prospective study. After induction chemotherapy, our patients did not demonstrate changes in swallowing physiology nor did they demonstrate the functional deterioration commonly reported after definitive treatment regimens for head and neck cancer. 4, 5, 13, 14 In fact, after induction chemotherapy, our patients' perception of their ability to swallow actually improved, as did their diet levels, despite there being no change in swallowing physiology.
Studies have shown that pain is an important component in a patient's ability to eat, the perception of his or her swallowing potential, and food choices. 15, 16 We postulate that for some patients, a reduction in tumor size or a decrease in pain after induction chemotherapy may facilitate an improved perception of swallowing ability and the choice of diet. In fact, the majority of patients had an improvement in their pain scores after induction chemotherapy. Further studies are needed to clarify the exact relationship between chemotherapy, pain management, and swallowing function, as well as the effects of perception and the ability to eat.
Global, emotional, and physical subscale scores on the MDADI showed significant improvement after induction chemotherapy (p < .001), but the improvement in functional subscale scores did not reach significance (p ¼ .142). This finding is not surprising, given that the functional subscale questions are generally representative of a return to normal routines in the areas of cooking, income, and social activities. Our patients were still receiving treatment and had not yet returned to normal patterns of work, social relationships, and activities of daily living. Thus, the functional subscale of the MDADI may not provide as much information as the other domains for patients who remain hospitalized or are still receiving treatment.
Quality of life and performance status questionnaires have been used independent of instrumental examinations as indicators of swallowing function. 17, 18 Despite significant improvements in MDADI and PSS-HN scores in our study, the OPSE scores did not significantly change after induction chemotherapy. These findings reinforce the need for both instrumental examinations, such as the MBS study, in combination with patient-reported measures to comprehensively evaluate swallowing function, because perception does not always reflect actual physiology and vice versa. We find that both measures are useful to explain swallowing behavior.
Another outcome of our study was that induction chemotherapy did not significantly change speech intelligibility. Speech intelligibility was 99% for all patients except 1 before and after chemotherapy, despite the fact that not all patients had tumor regression after induction chemotherapy. This is not an uncommon finding, as patients who have articulation problems often remain intelligible, because they compensate by slowing their rate of speech or by using more deliberate articulatory placements when tongue mobility is impaired because of a tumor.
One of the strengths of our study is that we prospectively obtained speech and swallowing data before and after induction chemotherapy, but before any further cancer treatment was provided. Our findings suggest that chemotherapy alone does not significantly affect swallowing physiology in patients with oral tongue cancer. We agree with other investigators 5, 6, [13] [14] [15] 17 who have reported that the deleterious effects on functional outcomes are likely a product of radiation and surgical intervention, either alone or in combination. Radiation-induced fibrosis and structural alterations after surgery have both been shown to result in dysphagia. It is likely that chemotherapy intensifies the effects of radiation therapy when they are administered concurrently 15 but when administered before radiation or surgery may not intensify the functional deterioration.
Overall, the patients in this study showed little change from baseline in swallowing function after induction chemotherapy. One patient who had base of tongue extension of the oral tongue tumor aspirated. No other patient in this study demonstrated aspiration at baseline or after treatment. Therefore, pharyngeal phase disorders were not characteristic of the dysphagia observed in all but 1 patient in this study. This is not surprising as most of these patients had tumor involvement of the oral tongue and not the tongue base. Data have shown that tongue base involvement generally results in more severe swallowing dysfunction and aspiration than the dysphagia associated with oral tongue tumors. 19 Our patients showed little change in swallowing after chemotherapy; however, the results of this study may have been different in patients with cancers of the oropharynx or larynx who are more likely to have pharyngeal phase swallowing problems at baseline.
In conclusion, we believe that the findings of our study have important implications for quality-of-life outcomes in patients who will be treated using protocols that include induction chemotherapy. While it appears that the addition of induction chemotherapy has a negligible effect on speech and swallowing physiology, our findings provide evidence for symptomatic improvement of swallowing and pain after induction chemotherapy. Further investigations are needed to corroborate our findings.
